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Renal excretion of rubidium and potassium: An electron microprobe
and clearance study. A combination of clearance and electron micro-
probe studies was carried out to investigate renal rubidium excretion
and rubidium distribution between plasma and individual tubule cells.
Saline-infused animals were compared with potassium-loaded rats and
another group in which rubidium was given in such amounts that the
sum of plasma rubidium plus potassium equalled the potassium concen-
tration in the potassium-loaded rats. The renal clearance of rubidium
was uniformly less than that of potassium. Nevertheless, rubidium
stimulated fractional potassium excretion above the levels observed in
both saline- and potassium-loaded animals. When compared with their
plasma concentrations, rubidium was concentrated in all tubule cell
types more than potassium, and this is most likely due to restriction of
passive diffusion of rubidium from cells to extracellular fluid. In
addition, heterogeneity of intercalated cell ion composition was ob-
served: one cell group had high chloride and potassium, but low
rubidium contents, whereas the other was characterized by low chlo-
ride and potassium, but high rubidium contents.
The present study was carried out to address two issues:
First, we conducted renal clearance studies of rubidium and
potassium to obtain information on the excretory pattern of
these cations and to learn more about their interaction during
transport stimulation. Second, we evaluated the distribution of
rubidium and potassium across the basolateral cell membrane
of various renal tubule cells. These experiments were carried
out in conditions in which plasma rubidium levels were well
maintained by the intravenous infusion of rubidium. This anal-
ysis of the rubidium and potassium content of individual renal
tubule cells, particularly those of the distal nephron, allowed us
to correlate the ionic composition of the tubule cells implicated
in potassium and rubidium transport with the excretory pattern
of these cations.
Methods
Preparation of animals and experimental protocol
Rubidium has often been used in transport studies as a
marker for potassium ions. Its renal excretion has been com-
pared with potassium excretion in clearance experiments [11
and in single nephrons [2—51 to examine potassium transport.
Evidence from such in vivo and in vitro experiments suggests
that rubidium and potassium are handled by the kidney and by
single renal tubules in a similar manner, but differences between
renal potassium and rubidium excretion [11 and between trans-
epithelial potassium and rubidium fluxes have also been re-
ported [4]. Several studies suggest that rubidium is accumulated
in renal tissue to a greater extent than potassium [6—8]. We have
recently confirmed this observation and found that following an
intravenous bolus injection of rubidium chloride, the ratio of
rubidium to potassium in renal tubule cells progressively sur-
passed the ratio of the plasma concentratiois of these cations
[9]. However, from these studies alone it was not possible to
decide whether preferential intracellular accumulation of rubid-
ium was due to enhanced rubidium uptake into the cell, to
delayed exit of rubidium from the cells or whether the observed
steep transmembrane gradients were due to the rapid decline of
the rubidium concentration in the extracellular fluid.
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The experiments were performed on male Wistar rats
(SAVO, Kisslegg, FRG) that were allowed free access to a
normal rat pellet diet (Altromin, Lage, FRG) and tap water until
the time of study. The animals were anesthetized by the i.p.
injection of 120 mg/kg body wt mactin (Byk-Gulden, Konstanz,
FRG). Body temperature was maintained at 37°C by a thermo-
regulated operating table. A tracheotomy was performed, the
right jugular vein was cannulated for administering infusion
solutions, and the right femoral artery used for continuous
monitoring of blood pressure. The left kidney was exposed
through a flank incision, freed of fat and connective tissue and
bathed in paraffin oil at 38°C. The ureter was cannulated close
to the pelvis for the collection of urine.
Three groups, each comprising six animals, were studied. All
received isotonic saline for 70 minutes during an initial control
period. Urine was collected during the last 30 minutes of this
period (control clearance period). Then the experimental pe-
riod, which lasted 180 minutes (6 clearance periods), was begun
by switching to one of the following infusion solutions:
Group I. Sodium chloride and potassium chloride were infused
at 130 m and 20 m, respectively. In preliminary
investigations this infusion protocol was found to
result in plasma potassium concentrations compara-
ble to those obtained in group 3 animals.
Group 2. Sodium chloride and potassium chloride were infused
at 30 m and 120 mM, respectively. Using this
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solution, plasma potassium concentrations similar to
the sum of plasma potassium plus plasma rubidium
concentrations observed in group 3 rats were
achieved.
Group 3. Rubidium chloride was infused at 150 mM.
All infusion solutions were given at a rate of 11 mllkg body
wt/hr and contained 3 g/l00 ml polyfructosan (mutest, Laevo-
san, Linz, Austria). Blood was taken at the midpoint of each
clearance period and the plasma removed and stored for further
analysis. To avoid volume contraction and hemodilution, the
red blood cells were resuspended in 4 g/l00 ml albumin solution
(dissolved in isotonic saline) and re-infused. At the end of the
last clearance period the renal surface was cleaned and rinsed
several times with warm (38°C) isotonic saline. Then the kidney
was removed from the animal and shock-frozen in a 3:1
propane/isopentane mixture (—196°C).
Preparation of freeze-dried cryosections and determination of
cell electrolyte contents
Small pieces of renal tissue were broken from the outermost
zone of the cortex under liquid nitrogen and inserted into a
modified ultracryomicrotome (Ultrotome V, LKB, Bromma,
Sweden). Cryosections (about 1 m thick) were obtained at
temperatures between —80 and —100°C, mounted between two
thin films (formvar and collodion) and subsequently freeze-
dried at —80°C and 10-6 ton. X-ray microanalysis of the
freeze-dried cryosections was performed in a scanning electron
microscope (S 150, Cambridge Instruments, Cambridge, UK)
using an energy-dispersive X-ray detector system (Link Sys-
tems, High Wycombe, UK). X-ray spectra were gathered for
100 seconds at an acceleration voltage of 20.0 kV and a probe
current of 0.3 nA.
We have shown in previous investigations that the distribu-
tion of rubidium across the nuclear membrane is similar to that
of potassium [91 and that X-ray spectra obtained in the nuclei
are free from contributions originating from extracellular com-
partments [10, 11]. Hence, in the present study measurements
were performed exclusively in the cell nuclei by scanning small
areas of 1 to 2 xm2. The different tubule cell types of the renal
cortex were defined according to criteria described in previous
publications [9, 12].
The separation of the X-ray continuum from the element-
characteristic radiations was performed by computer (Data
General, Schwalbach, FRG) employing a special program [131.
Cell rubidium and potassium contents were expressed accord-
ing to Hall in mmol/kg dry weight from the peak/continuum
ratios [141.
Chemical analyses
The plasma and urine sodium and potassium concentrations
were measured by flame photometry (IL, Lexington, Massa-
chusetts, USA) and the plasma and urine rubidium concentra-
tions by atomic absorption spectrophotometry (Pye Unicam,
Cambridge, UK), Urine osmolality was determined by vapor
pressure osmometry (Wescor, Logan, Utah, USA), inulin in
plasma and urine by the anthrone method of FUhr,
Kaczmarczyk and Kruttgen [15]. Standard formualae were used
to calculate clearance data for potassium, rubidium and sodium.
Presentation of data and statistical analysis
The data are presented as means SEM with (N) indicating
the number of measurements. Statistical comparison between
the three groups was performed in a first step by one way
analysis of variance. Two way analysis of variance was used to
test for differences between the three experimental groups and
the two types of intercalated cells (Table 3). In a second step the
significance of differences between individual groups and sub-
groups (Table 3) was tested by t-test using significance levels
appropriately adjusted according to rules described in [16]. The
respective significance levels are given in the Tables and
Figures.
Results
Plasma concentrations of potassium and rubidium
Table 1 summarizes plasma potassium concentrations and
clearance data during the control and the last experimental
period. It is apparent that similar potassium concentrations
were maintained during the control period. In group 2 plasma
potassium levels were significantly increased from a mean value
of 4.21 in the control period to 5.11 mmol/liter at the end of the
experiments, whereas potassium levels of groups 1 and 3 were
comparable.
Figure 1 depicts the time course of plasma potassium in group
2, the sum of plasma potassium plus rubidium concentrations in
group 3, and the concentration of rubidium in group 3. In each
clearance period, the sum of plasma potassium plus plasma
rubidium was similar to the plasma potassium concentration of
group 2 rats. The mean concentration of rubidium increased
from 0.32 0.06 mmol/liter in the first experimental period to
0.79 0.05 mmol/liter at the end of the final clearance period.
Thus, in group 3 animals the mean value of the sum of plasma
potassium and plasma rubidium concentrations was 4.90 0.17
mmollliter at the end of the experimental period, similar to the
corresponding plasma potassium level of 5.11 of group 2.
Whole kidney functions
Table I also summarizes data of urine flow rate, glomerular
filtration rate and fractional excretions of potassium and sodium
in the three groups during the control and the last experimental
period. Urine flow rate, similar during the control period in all
groups, rose significantly during the experimental periods. This
increase in urine flow rate was more pronounced in groups 2
and 3 than in group 1. In both groups I and 2, glomerular
filtration rate remained stable, but it declined slightly in the
rubidium infused animals. Fractional sodium excretions rates
were similar in all three groups during both the control period
and the final clearance period. During the control period frac-
tional potassium excretion was also not significantly different in
the three groups. During the experimental period, fractional
potassium excretion increased significantly in all three groups,
but it was clearly greatest in the rubidium-infused rats and
lowest in group 1 animals.
Figure 2 depicts the time course of fractional potassium
excretion following the infusion of either sodium, potassium or
rubidium chloride solutions. Fractional potassium excretion
was clearly highest in group 3 (rubidium chloride), lowest in
group I (sodium chloride) and intermediate in group 2 (potas-
sium chloride). It is also apparent from inspection of Figure 2
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Table 1. Plasma potassium concentrations and clearance data
Group 1
saline
Group 2
potassium
chloride
Group 3
rubidium
chloride
Plasma potassium mmol/liter
Urine flow rate pJIminflOO g body wt
Glomerular ifiteration rate mlJminIlOO g body wt
Fractional potassium excretion %
Fractional sodium excretion %
Control period
Final sample
Control period
Final sample
Control period
Final sample
Control period
Final sample
Control period
Final sample
4.45 0.13
3.88 0.07
2.3 0.3
5.3 1.6
0.44 0.04
0.39 0.06
32.5 5.2
43.8 2.7
0.06 0.02
1.73 0.50
4.21 0.07
5.11 0.l8a
3.4 1.1
8.1 0.7
0.44 0.02
0.44 0.02
31.2 4.7
74.6 2.7a
0.24 0.14
1.36 0.22
4.26 0.13
4.26
2.9 0.8
11.0 2.3
0.47 0.03
0.38 0.02"
40.5 7.5
974 15a,b
0.25 0.11
2.08 0.87
Values are means SEM. In each group 6 animals were studied; significance level = 0.025 (for potassium data: 0.02)
a Significantly different from corresponding value of group 1 animals
b Significantly different from corresponding value of group 2 animals
IConvoiplii!iExperinieñta1 period
Time, minutes
Fig. 1. Time course of plasma potassium (D, group 2), plasma potas-
sium plus rubidium (,group3), and plasma rubidium (•, group3). In
each group 6 animals were studied. Plasma potassium concentrations in
group 2 are not significantly different from plasma potassium plus
plasma rubidium concentrations in group 3 (significance level 0.02).
Values are means SEM.
that the fractional excretion rates of potassium uniformly in-
creased during the first 90 minutes and remained fairly constant
for the remainder of the experimental period.
It is of particular interest that the infusion of rubidium elicits
a marked rise in renal potassium excretion, significantly beyond
that achieved in group 2 (potassium loading), despite the fact
that the plasma potassium concentrations in group 3 were lower
than those in group 2 and approached those of group 1.
It was also of interest to compare fractional excretion rates of
potassium and rubidium (group 3) with that of potassium (group
2) alone, in an experimental setting in which the sum of plasma
potassium and rubidium concentrations in one group (group 3)
equalled the plasma potassium concentration in another group
(group 2). Relevant data are shown in Figure 3. We note that in
each clearance period the fractional excretion rates of potas-
sium plus rubidium (group 3) are greater than the corresponding
ControI el )Experirrental period
I I I I I I I I
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Fig. 2. Time course of fractional excretion of potassium in different
experimental conditions. In each group 6 animals were studied. Sym-
bols are: () group 1; (D) group 2; (0) group 3; (*) significantly different
from corresponding value of group 1 animals; (*) significantly different
from corresponding value of group 2 animals (significance level 0.02).
Values are means SEM.
potassium values (group 2). The data provide evidence for
stimulation of potassium excretion by rubidium.
Figure 4 compares the fractional excretion rate of potassium
with that of rubidium directly in group 3 animals. Inspection of
the simultaneous fractional excretion rates of these cations
shows that the rubidium excretion is uniformly lower than that
of potassium. These data underscore the view that the high
excretion rates of rubidium plus potassium summarized in
Figure 3 are due to stimulation of potassium excretion by
rubidium.
Potassium and rubidium contents of individual tubule cells
Table 2 summarizes data on potassium and rubidium contents
of proximal tubule, distal convoluted tubule, connecting tubule
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Fig. 3. Comparison of fractional excretion of potassium (D, group 2)
with that of rubidium plus potassium (, group 3); * significantly
different from corresponding fractional potassium excretion rate of
group 2 animals (significance level = 0.02). Values are means SEM.
and principal cells. Rubidium could not be detected in any cell
type in groups 1 and 2. Cell potassium contents were signifi-
cantly higher in all cell types of group 2 (potassium chloride)
than in group 1 and they also markedly surpassed the sum of
cell rubidium plus potassium in group 3 rats. The present data
do not allow one to decide whether the rise in cell potassium
content is due to increased cell potassium concentration and/or
to enlarged cell volume. Nevertheless, it is of interest that the
cell potassium content of group 3 animals was clearly lower
than the corresponding values of group I and 2 rats, yet
fractional potassium excretion was highest in these animals.
The sum of rubidium plus potassium in group 3 was very similar
to the cell potassium contents observed in group I animals. As
noted above, potassium excretion in group 3 greatly exceeded
that of group 1.
Two distinct populations of intercalated cells could be distin-
guished according to differences in cell electrolyte composition.
Representative examples of energy-dispersive X-ray spectra
obtained in both types of intercalated cells in group 3 rats are
depicted in Figure 5. Cell type I was characterized by low
rubidium and high potassium contents. In addition, chloride of
these type I cells was much higher than that of type II (Fig. 5).
An accurate distinction between principal cells and type I
intercalated cells, despite their similar rubidium content, can be
made based on the following criteria. Type I intercalated cells
have a clearly distinguishable "dark" appearance due to the
electron-dense cytoplasm and high chloride content. In con-
trast, principal cells have a "light" appearance and low cell
chloride content. Using the criterion of a high and low cell
chloride content, intercalated cells can also be separated into
"high" (type I) and "low" (type II) chloride cells also in groups
1 and 2. Data summarized in Table 3 show that cell potassium
content was similar in both types of these intercalated cells.
However, in group 3 animals the rubidium content of the
0- , I I I I I I
0 30 60 90 120 150 180 210
Time, minutes
Fig. 4. Time course of fractional excretion of rubidium (•) and potas-
sium (0) in group 3; () significantly different from corresponding
fractional excretion rate of rubidium (significance level = 0.05). Values
are means SEM.
"high" chloride cells (type I) was much lower and the potas-
sium content markedly higher than in the "low" chloride cells
(type II). It is interesting that both cell types could be encoun-
tered in the same tubule and that in surface distal tubules type
II was more frequent than type I.
Discussion
A comparison of the renal excretion of rubidium with that of
potassium indicates several common features but also signifi-
cant differences. It has already been noted by Kunin et al [1]
that rubidium ions were secreted into the urine, that several
drugs affected the excretion of rubidium similarly to that of
potassium and that the clearance of rubidium paralleled that of
potassium. However, it was also noted that the clearance of
rubidium was less than that of potassium [1, 6, 8], particularly
after potassium loading [1]. It was suggested that a lesser
"mobility" of rubidium in cell membranes of secretory cells
might explain the difference between rubidium and potassium
excretion Ill.
Based on experiments in which the renal excretion of
86rubidium and 42potassium were compared, significant differ-
ences between renal rubidium and potassium handling have
been described in dogs [1, 8], rabbits [61 and humans [6]. More
recent studies on distal tubules of the rat [51, and on the isolated
rabbit cortical collecting duct [2—4] have confirmed the notion
that distal nephron segments play a major role in the excretion
of rubidium ions. Whereas no significant differences between
unidirectional tracer rubidium and potassium fluxes were ob-
served by Ellison et a! [5] in inicroperfusion studies of distal rat
tubules, Warden et al [4] noted in perfusion studies of the
isolated rabbit cortical collecting tubule that passive transcel-
lular fluxes of 86rubidium were less than that of 42potassium and
that net secretory flux of potassium significantly exceeded that
of rubidium [4].
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Table 2. Potassium and rubidium contents (mmol/kg dry wt) of different tubule cell types
Proximal
tubule cell
Distal convoluted
tubule cell
Connecting
tubule cell Principal cell
Group 1
Saline Potassium 561.9 7.6 (53) 616.5 8.2 (68) 595.7 11.6 (45) 670.1 14.6 (43)
Group 2
Potassium chloride Potassium 589.5 7.0 (54) 660.6 10.1 (65) 682.6 11.4 (52) 720.1 9.4 (67)
Group 3
Rubidium chloride Potassium
Rubidium
Potassium + rubidium
413.3 7.2 (61)
158.0 4.2
571.2 7.0
448.9 6.9 (74)
129.6 3.2
578.7 7.0'
500.3 10.9 (64)
127.9 4.4
628.3 lO.&'
543.7 12.2 (62)
124.4 3.3
668.1 l2,l'
Values are means SEM with the number of cells in parentheses. Significance level = 0.02.
a Cell potassium contents of group 2 and cell potassium plus rubidium contents of group 3 significantly different from values of group 1 animals.b Significantly different from group 2 animals; potassium contents of all cells in group 3 are significantly different from corresponding values of
group 1 and 2 animals
34
intercalated cell I Intercalated cell II
Fig. 5. Representative energy-dispersive X-ray spectra from type land
type 11 intercalated cells (group 3 animals).
The present experiments show that prolonged intravenous
rubidium administration enhances the fractional excretion of
potassium ions. The rise in potassium excretion was accompa-
nied by a parallel, albeit less pronounced increase in fractional
rubidium excretion.' Fractional rubidium excretion was on the
average some 30-% lower than that of potassium. Accordingly,
we confirm that rubidium is less effectively eliminated by the
kidney than potassium. Since principal cells of the distal tubule,
known to be involved in potassium secretion, maintained higher
cell/plasma gradients of rubidium than potassium, it is virtually
certain that restricted exit of rubidium across the apical mem-
brane rather than slower cell uptake was responsible for the
lower fractional excretion rates of rubidium.
The stimulation of renal potassium excretion by rubidium is
'Our experiments differ from those of Kunin et al [1]. In their studies,
relatively large amounts of rubidium were administered (plasma con-
centrations greater than I and as high as 4.2 mmol/liter) which resulted
in a significant hyperkalemia (plasma potassium as high as 6.5 mmol/
liter). In contrast, our experiments were conducted in such a way that
lower rubidium infusion rates led to plasma rubidium levels less than 1
mmol/liter, and no changes in plasma potassium levels were observed
(Table I, Fig. 1).
striking. This phenomenon is noteworthy, because it is associ-
ated with a sharp fall in cell potassium content of principal cells
(Table 2) which should decrease, not increase potassium secre-
tion. In addition, rubidium infusion stimulated potassium ex-
cretion without a change in plasma potassium concentration
(Table 1). This differs from the experimental setting of potas-
sium loading (group 2) in which the enhancement of potassium
excretion was accompanied by an increase of the plasma
potassium concentration and the potassium content of distal
tubule cells.
In principle, two mechanisms could be involved in promoting
enhanced potassium excretion following administration of ru-
bidium. First, rubidium loading could diminish fluid and potas-
sium reabsorption along the proximal tubule and Henle's loop.
Second, rubidium could stimulate potassium secretion at a
distal nephron site.
In the absence of micropuncture studies on the effect of
rubidium on potassium transport we cannot directly evaluate
the possibility that increased delivery of sodium and fluid to the
distal tubule, possibly as a result of inhibition by rubidium of
cotransport mechanisms (Na-2Cl-K) in the thick ascending
limb, was involved. A major effect of this nature is, however,
unlikely, because we did not observe a more pronounced
increase in urinary sodium and fluid excretion in rubidium-
loaded animals compared with groups 1 and 2. Furthermore, we
believe that it is unlikely that rubidium acts on the proximal
tubule, since amiloride, given during a period of rubidium
loading, abolished the rubidium-mediated increase in potassium
excretion (Beck et al, unpublished observations). Because it is
well established that the main action of amiloride is in the distal
nephron [171, it is most reasonable to conclude that the effects
of rubidium on potassium excretion are also mediated in this
nephron segment.
Accepting a distal tubule site of rubidium action on potassium
secretion, the following comments are relevant. Assuming a
predominant transcellular mode of potassium transport, an
increase in distal potassium secretion implies stimulation of
both potassium entry across the basolateral cell membrane and
potassium exit across the apical cell membrane. Increased
activity of Na-K-ATPase, possibly by elevated levels of
potassium (plus rubidium) in groups 2 and 3 [18, 191, may be
responsible for stimulating the basolateral entry step. Enhance-
ment of potassium exit across the apical cell membrane of
potassium secreting cells may result from an increase in cell
P
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Table 3. Potassium, rubidium and chloride contents (mmollkg dry wt)
of two populations of intercalated cells
Intercalated cell
Group Type I Type II
1 630.6 18.4 (23) 583.4 14.2 (32)
Potassium 2 677.5 24.5 (23) 640.2 14.0 (46)
3 528.0 13.0 (35)a.b 330.1 12,7 (52)a.b.e
Rubidium 3 121.1 5.1 (35) 229.7 10.1 (52)C
Potassium + 3 649.1 15.0 (35) 559.4 9,4 (52)b.Q
rubidium
Chloride
1 115,4 10.1 (23) 19.2 2.8 (32)C
2 136.0 11.0 (23) 18.9 2.0 (46)C
3 142.8 7.8 (35) 20.0 1.7 (52)C
potassium concentration, depolarization of the electrical poten-
tial difference or/and from an increase in apical membrane
potassium permeability [171. Our data do not allow conclusions
to be reached as to whether the observed alterations in cell
potassium content result from changes in cell potassium con-
centrations and/or changes in cell volume, but we believe it
very unlikely that the cell potassium concentration in the
rubidium-loaded animals could have exceeded that of the
potassium-loaded group.2 Hence it may be tentatively con-
cluded that depolarization of the apical membrane potential
difference, an increased apical membrane potassium conduc-
tance and/or activation of a putative K-Cl cotransport [5, 17] are
involved in promoting enhanced potassium secretion in the
rubidium-loaded rats. An additional factor, presently unre-
solved, could be that rubidium stimulates aldesterone release
more than potassium.
Several studies have shown that cells maintain higher con-
centration gradients for rubidium than for potassium [6—8]. In a
recent study in which an i.v. bolus injection of rubidium
chloride was given, we observed rubidium in all tubule cell
types to be more concentrated than potassium when related to
the plasma concentrations of these cations [9]. From these
results, however, it was not clear whether the cellular rubidium
accumulation in excess of potassium was due to preferential
rubidium uptake into cells, to restricted rubidium exit from the
cells, or to rapid disappearance of rubidium from the extracel-
lular compartments, since rubidium was given as a bolus
injection and steady state conditions were clearly not obtained.
This last alternative could be excluded in the present exper-
iments, because the continuous infusion of rubidium chloride
led plasma rubidium to rise monotonously throughout the
experiments. We observed that the cell/plasma rubidium ratios
of all tubule cell types were significantly higher than the
2 Estimates of cell ion concentrations expressed as mmol/kg wet wt
can be obtained by using mean values of cell dry weight obtained in an
extensive series of other experiments [12, 201. Assuming uniformly a
mean dry weight of 20 g% for the experimental groups of this study, the
following are values of potassium concentrations obtained for principal
cells: group 1: 134, group 2: 143, and group 3: 109 mmollkg wet wt.
., 5,
q0
.4 SQ
.5.
Fig. 6. Comparison of cell to plasma concentration ratios of rubidium
to that of potassium in different tubule cells. Data from group 3 animals.
Values above unity indicate preferential cell rubidium accumulation
relative to that of potassium. All values are significantly different from
unity (significance level = 0.05).
corresponding potassium ratios (Fig. 6). The accumulation of
rubidium in excess of potassium was most pronounced in type
II intercalated and proximal tubule cells, but was still significant
in distal convoluted tubule, connecting tubule and principal
cells. Confirming these data, studies in the kidney of dogs [8]
and rabbits [6], and several non-epithelial preparations [6—8]
show that 86rubidium is more concentrated than 42potassium. It
is most likely that the selective accumulation of rubidium in
tubule cells is due to either apical or basolateral curtailment of
passive rubidium efflux from the cell compartment. This con-
clusion is based on the demonstration that the ability of
rubidium to activate NatKATPase is slightly less than that
of potassium [18] and that potassium-selective channels have
been shown to allow the passage of rubidium only to a restricted
extent [21—23].
Our previous study [9] and the present data indicate a general
relationship between rubidium uptake and rubidium accumula-
tion in tubule cells: in cells with low rubidium uptake rates, that
is, type II intercalated and proximal tubule cells, rubidium
accumulation is most pronounced; it is lower in cells with high
rates of rubidium uptake, that is, distal convoluted tubule,
connecting tubule and principal cells. We have previously
suggested that rapid uptake rates of rubidium into tubule cells
reflect high activity of the basolateral Na-K-pump [9]. It is
known that pump activity and potassium permeability are
related to each other: a fast turnover is associated with high cell
membrane potassium permeability [24, 25]. Although potassium
channels mediate rubidium diffusion, albeit at a reduced rate
[21—23], it is unlikely that different channel density in cells with
low and high pump rate alone could result in selective rubidium
accumulation. One possibility is that qualitative differences in
4,
3.
2.
1. —
E
E
Values are means SEM with the number of cells in parentheses.
a Significantly different from corresponding value of group 1 animals
b Significantly different from potassium value of group 2 animals
Significantly different from type I intercalated cell; significance
level = 0.01
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channel selectivity account for restriction of rubidium efflux in
different populations of tubule cells. Supportive evidence for
this tentative explanation is based on the recent discovery of
rubidium-selective [231 and relatively rubidium-unselective [26]
potassium channels in the isolated cortical collecting duct as
well as in distal cell cultures (White, Boulpaep and Giebisch,
unpublished observations). In addition, one must also consider
the possibility that other potassium transport pathways, such as
cotransport of K-Cl or Na-2Cl-K, or K-H exchange distinguish
between potassium and rubidium.
The finding of two subtypes of intercalated cells with quite
distinct cell rubidium and chloride contents is of interest.3 This
observation is reminiscent of the type A and B intercalated cells
described by Madsen and Tisher in the collecting duct system of
the rat [27], and of the alpha and beta cells observed by Stetson
and Steinmetz in the turtle urinary bladder [28]. These cells are
distinguished by high carboanhydrase content and they are
implicated in hydrogen and bicarbonate secretion. It is tempting
to speculate that the heterogeneity in cell morphology between
type A and B intercalated cells corresponds to the differences in
intracellular electrolyte composition between type I and II
cells.4 In a recent electron microprobe study on the turtle
urinary bladder two types of intercalated cells (low and high
chloride cells) could also be distinguished [311.
Conclusions
Our studies demonstrate differences in the renal handling of
rubidium and potassium. Rubidium is less effectively excreted
than potassium, reflected by its lower fractional excretion rate
following intravenous administration. Rubidium stimulates po-
tassium secretion by mechanisms independent of changes in
plasma potassium that occur at a time when the potassium
content of principal cells is reduced. Cell rubidium and potas-
sium analyses show that rubidium is preferentially retained in
tubule cells. Finally, our studies also reveal functional hetero-
geneity of intercalated cells that is manifested by two cell types
with high chloride-low rubidium and low chloride-high rubidium
content.
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